I n connection with the work at The Henry Phipps Institute on leucemia of fowls, it seemed desirable to continue outside of the Institute some transmission experiments with the same stock of birds, so planned as to control carefully the spontaneous occurrence of leucemia. The similarly planned experiments begun at the Institute had been broken off by an epidemic of intercurrent disease. Those to be reported here were performed at the Veterinary School of the University of Pennsylvania, where no transmission experiments in leucemia had been done heretofore.
Fifty young Barred Plymouth Rock chickens were purchased from the same source as the chickens used at The Henry Phipps Institute. They were about equally divided as to sex and weighed from 710 to 1000 gin. Each chicken was legbanded and a blood smear taken before the beginning of the experiment. They were placed in cages holding four or five birds each in two stands and arranged, vertically, in stacks of three. The fowls in one stack were injected and those in the next stack of three cages left lminjected, giving an equal number of injected birds and of controls arranged, horizontally, in three tiers of four alternating cages.
Two fowls with the transmissible leucemia strain of The Henry Phipps Institute, one having an erythroleucosis and the other a myeloid leucosis, served as donors. The former, No. 575, (passage IV-G) had 95,000 white blood cells and 770,000 red blood ceils per cubic millimeter of blood. In blood smears numerous erythroblasts were seen; many of these were of the immature type, as indicated by the strong basophih'a of the cytoplasm and apparent lack of hemoglobin. A consider~ble percentage of the leucocytes were doubtless lymphoid cells with erythroblastic potencies. Among 100 white cells there were about 20 lymphoid erythroblasts and about 29 primitive lymphoid ceils, presumably precursors of erythroblasts; the rest were polymorphonuclear leucocytes, 15, myelocytes, 3, large mononuelear cells, 18, and small lymphocytes, 15. Paleness of the organs and splenomegaly were the most notable observations on gross examination, and 269 the most striking feature of the microscopic examination consisted of an engorgement of the capillaries by lymphoid cells and an extreme hyperplasia of the bone marrow by similar ceils. Blood was drawn from this chicken into a chilled syringe containing a 1 : 1000 heparin solution, and within ~ hour injected intravenously, in 1 cc. doses, into Chickens 51 to 63 inclusive (see Table I ). Chickens 64 to 76 inclusive were controls.
Chicken 689 (passage IV-K) with the myeloid type of leucemia, had 310,000 white blood cells and 1,010,000 red blood cells per cubic millimeter. The differential count for white cells gave the following figures: large mononuclear and poikilonuclear cells, 63 (many of these distinctly of primitive type), similar cells with large purple granules (promyelocytes), 19, myelocytes, 8, polymorphonuclear leucocytes, 3, lymphocyte, 1, mononuclear cells with almost confluent vacuoles, 6. On gross examination the liver and spleen appeared to be normal; the bone marrow was pale, soft, and uniformly greyish. On microscopic examination the bone marrow showed an extreme myeloid hyperplasia; the blood was leucemic but extramedullary myeloid foci were not found.
Blood from this chicken was drawn into a chilled syringe containing a 1 : 1000 hepaHn solution and injected intravenously within ½ hour into Chickens 77 to 88 (Table II) inclusive. Chickens 89 to 100 were left as controls. Each fowl was weighed monthly and a blood smear was taken from the controls each month, from each injected bird every 2 weeks, and more frequently from the affected fowls. All fowls that died were autopsied and sections were taken from the liver, spleen, and bone marrow.
The outcome of this experiment is shown in Tables I and II. Tables I and II leave no doubt as to the transmission of leucemia for 5, or 36 per cent, of the first series and 9, or 75 per cent, of the second series developed either erythroleucosis or myeloid leucosis. One of the injected fowls developed lymphoid leucosis and one such case was found among the controls.
Of the five fowls in the erythroleucosis series that developed leucemia four had erythroleucosis and one myeloid leucosis. The four with erythroleucosis became pale and showed blood changes with many immature cells in from 30 to 60 days following injection; the first death occurred 48 days after injection. Another bird, a cockerel, No.
58, also became pale and developed a typical blood picture of erythroleucosis but later improved markedly and is still under observation. The myeloid case (No. 55) in the first series became pale in 42 days, died in 75 days, and was seen on postmortem examination to have an anemic carcass with pale red hemorrhages in the muscles. The liver was slightly enlarged, weighing 60 gm., and the spleen was enlarged to twice its normal size, weighing 13 gin. The four fowls with erythroleucosis all lost weight and averaged at death only 991 gin., whereas the 12 controls averaged 1711 gin. when killed. On postmortem examination they showed many pale red hemorrhages in various locations, particularly over the humeral region and over the knee joint. The livers were all slightly enlarged, had a reddish brown color, and weighed from 73 to 154 gin. The average weight of the liver was 82 gm., and in the 12 controls 42 gm., or less than one-half the former. The spleens were estimated to be from two to six times the normal size, weighing 15 to 37 gm. and averaging 20 gm. or four times the average weight of 5 gm. in the 12 controls.
Similarly when the erythroleucosis cases are compared with the controls together with the injected fowls that did not develop leucemia, a marked difference in weight is found. The averages in the leucemic birds, namely, carcass 991 gm., liver 92 gm., and spleen 20 gin., contrasts with the following averages in all the other fowls of this series except No. 555, described above, and No. 51, described below, namely, carcass 1760 gin., liver 40 gm., and spleen 5 gm. From these d a t a i t appears that the injected fowls that did not develop leucemia showed no loss of weight.
No. 51 was a case of lymphoid leucosis with blood smear and microscopic examination of liver, spleen, and bone marrow showing no indication of leucemia. Postmortem examination revealed an enormously enlarged liver, weighing 215 gin., or one-fifth of the weight of the entire carcass. The spleen weighed only 3 gln. The liver showed many areas from pin-head size to ~ inch across, yellowish grey in color, giving it a mottled appearance, and microscopic section showed masses of cells resembling lymphocytes without any blood alteration. Hence the patho° logical condition is diagnosed lymphoid leucosis. Aleucemic lymphoid leucosis was also found in one control fowl; it is, therefore, doubtful that the injection had anything to do with this case.
No. 58 of this series is of particular interest. On May 1, 1930, about 5 weeks after injection, several erythroblasts, including many younger forms, appeared in the circulation, but polychrome red cells were practically absent. 14 days later the number of erythroblasts showed considerable increase, the number of white cells appeared to be moderately increased and composed of large mononuctears, large primitive cells, P01ynuclears, and a few myelocytes. On May 28, 14 days later, the circulating blood appeared to be flooded by large poikilonuclears and large mononuclear cells (myeloblasts, Ellermann), several of which were in mitotic division. Only a few myelocytes were seen. The red blood cell count was 1,300,000 and the white cell count 800,000. Several of the red cells were polychromatophile and numerous erythroblasts were found. Two weeks later, on June 11, the abnormal white cells had practically left the circulation and the total number of white cells appeared to be below normal. Erythroblasts were numerous and several were {mmature. Table II shows the outcome of the transmission from Fowl 689 (myeloid leucosis). Of 12 injected fowls, 9 (75 per cent) developed either erythroleucosis (8 cases) or myeloid leucosis (one case). These birds showed paleness and blood changes in 30 to 72 days and died during the period from 34 to 88 days following injection.
As in the first series, postmortem examination of seven of these leucemic fowls showed enlarged livers and spleens. The livers weighed from 30 to 125 gm. and were of a reddish brown color and the spleens weighed from 7 to 27 gin. Comparison of average weights showed increase in these organs and loss of total body weight as well, with an average weight of carcass, in the affected birds, of 1021 gm., of liver, 71 gm., and of spleen, 15 gin., and an average weight in the controls of 1540 gm. carcass, 38 gin. liver, and 4~ gin. spleen.
No. 77 died, 21 days following injection, with a tumor in the thigh region, which on gross and microscopic section resembled a Rous sarcoma. The blood-forming organs presented no leucemic involvement.
No. 81 showed 4 weeks after injection numerous erythroblasts in the circulation with a few cells of the lymphoid type and the picture of distinct but mild erythroleucosis. 2 weeks later only occasional erythroblasts were seen and smears taken subsequently at 2 weeks' intervals were normal.
No. 90, one of the controls, became very lame, was killed, and showed a fracture of the femur. Postmortem examination, blood examination, and microscopic sections of liver, spleen, and bone marrow were all negative for leucemia.
No. 98, also a control, showed an enlarged liver and spleen. A blood smear taken 6 days before death gave the following figures in differential counting: small lymphocytes, 80, mononuclears, 7, polymorphonuclears, 10, mast cells, 3. The number of white cells did not seem to be increased. Microscopic sections showed lymphoid leucosis.
No. 97, a control, died. Microscopic appearances of this case fall within the definition of lymphoid leucosis and the picture was unl{lce that seen in injected fowls that developed erythro-or myeloid leucosis. A blood smear taken 4 days before death showed increased number of white cells; most of thesewere mediumsized cells resembling lymphocytes and large mononuclear leucocytes. The bone marrow was moderately fatty and showed a mild granulocytic hyperplasia. The liver contained numerous foci of infiltration with cells like lyInphocytes, chiefly around the vessels. The content of larger vessels did not seem to be leucemic. In capillaries, however, which were congested, cells like lymphocytes appeared to be somewhat increased in number.
DISCUSSION
A knowledge of the incidence of spontaneous leucosis would seem essential to control the results of the transmission experiments. So far as we know this is the first systematically controlled experiment, in an attempt to transmit leucemia of fowls, in which a number of birds were used as controls equal to the number injected, both groups being from the same source and kept side by side under as nearly identical conditions as possible.
The experiment shows clearly that leucemia of fowls can be transmitted from fowl to fowl by injection, and with a fairly high percentage of successful inoculations when blood is injected intravenously. Of twenty-five fowls inoculated, 13 or 52 per cent developed leucemia.
Two types of leucemia occurred among the injected fowls, one in which the blood picture showed large numbers of erythroblasts and the other with large numbers of large mononuclears and myelocytes. In the former, the capillaries are crowded with lymphoid cells, which are assumed to be precursors of erythroblasts as suggested by Ellermann. The bone marrow shows in both types an extreme hyperplasia formed by cells similar to those seen in the capillaries. Hence we have applied the terms erythroleucosis and myeloid leucosis of Ellermann to the two conditions respectively.
We are unable to differentiate the two types with certainty by the gross postmortem appearance of the organs, and the method of differentiation was based on the blood examination before death and on the microscopic changes in the liver, spleen, and bone marrow after death. The two types appear to be closely related, and the one or the other appears to develop independently of the type used for injection.
Postmortem examination of the fowl~ with the transmitted leucemia did not show the enormous liver that is found in the rather frequent condition popularly termed "big-liver disease" and sometimes called leucemia. This apparently is an aleucemic condition and falls within the type lymphoid leucosis of Ellermann's terminology.
It is shown, in a carefully controlled experiment, that fowl leucemia can be readily transmitted from chicken to chicken by injection.
Of 25 fowls, 13 were injected intravenously with blood from a chicken (No. 575) with erythroleucosis and 12 with blood from a chicken (No. 689) with myeloid leucosls. The injected birds and an equal number of uninjected controls were kept in tiers of alternating cages under as nearly identical conditions as possible. The donors, the controls, and the injected birds were all of the same stock and of the same age.
In the two series 13 or 52 per cent of the 25 fowls inoculated developed leucemia within 4 to 10 weeks after injection. The two types of leucemia, erythroleucosis and myeloid leucosis, developed in both groups irrespective of the type used for injection. Among the uninjected controls no cases of erythroleucosis or of myeloid leucosis were observed. Lymphoid leucosis occurred in one injected fowl but since it also occurred in one control it may be assumed that it was probably not caused by the injected material.
